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Contributions of viral splice sites and 
cis-regulatory elements to lentivirus vector 
function. 

Cui Y; Iwakuma T; Chang L J 
SOURCE: Department of Molecular Genetics and Microbiology, Gene 

Therapy Center, and University of Florida Brain Institute, 
College of Medicine, University of Florida, Gainesville, 
Florida 32610-0266, USA. 
NUMBER: HL-594i2 (NHLBI) 

JOURNAL OF VIROLOGY, (1999 Jul) 73 (7) 6171-6. 
Journal code: KCV. ISSN: 0022-538X. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals; Cancer Journals 
199909 
19990905 

The mobile transgene constructs of most human immunodeficiency virus 
(HIV) -based lentivirus vectors currently in use contain viral long 
terminal repeats, a 5' untranslated region, gag sequences, and env 
sequences that include the Rev- responsive element (RRE 
) . In this study, we examined the possibility of deleting HIV 
splice sites and gag and env sequences from an HIV type 1 
recombinant vector established in our laboratory as part of our 
ongoing efforts to improve this vector system. Mutations in the 
major splice donor site (SD) markedly reduced viral 
RNA expression but had little effect on vector titer. Deletion 
of gag or env sequences, excluding RRE, led to a moderate 
reduction in vector titer. Interestingly, deletion of 
■RRE slightly reduced viral RNA expression but markedly impaired 
vector function. Combined deletions of RRE, gag (except 
for the first 40 nucleotides), env, and the SD mutation resulted in a 
twofold increase in cytoplasmic viral RNA expression and a recovery of 
vector efficiency to approximately 50% of the wild-type level. 
This increase in cytoplasmic RNA levels is likely to be due, at least in 
part, to effects of the TE671 host cells, a human rhabdomyosarcoma cell 
line used for vector production in our system, on the 
cytoplasmic distribution of spliced and unspliced viral RNA. These 
results 

show that optimal lentivirus vector function can be maintained 
in the absence of multiple essential viral elements. 
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J^etroviral vector particles having an RNA genome carrying 
sequences which provide in the DNA provirus at least one selected gene 
aocated within an intron in a transcription unit of the provirus, which 
transcription unit further comprises a polynucleotide response element 
which is responsive to a nucleus to cytoplasm transport factor such as 

Rev. These vectors have been named TRIN (Tat and Rev 

inducible) vectors. Expression of the selected genes is thus rendered 
Rev-dependent and so is dependent upon the presence of HIV. The 
TRIN vectors also contain the murine leukemia virus splice 
donor site, the strong CMV promoter, a packaging signal, and the 
HIV U5 and R regions. 
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US 1996-22052 19960722 
WO 1997-US12637 19970717 
AB Cell transformation vectors for inhibiting HIV and tumor growth are 

provided. Optionally, the vectors encode RNAses A super family members 
such as eosinophil-derived neurotoxin (EDN) and onconase. Cells 
transduced by the vectors and methods of transforming cells (in vitro and 
in vivo) using the vectors are also provided. The viral and oncogene 
inhibitors are typically linked to a promoter such as retroviral HIV LTR 
promoters, the CMV promoter, the probasin promoter, and 
tetracycline-responsive promoters. The method is exemplified by 
construction of a viral vector contg. a HIV Rev 

-responsive element, an encephalomycocarditis virus internal ribosome 
entry site, a first viral inhibitor subsequence (for immunodominant 
proteins such as as Tat, Gag, or Rev) , splice 
donor site subsequence, splice acceptor site 

subsequence, the above mentioned promoter, and the EDN coding sequence. 
The vector may be packaged in a liposome and its contents 
transduced into CD34+ hematopoietic stem cells, CD4+ cells, and 
transferrin receptor+ cells. Claimed vectors include pBAR, pBAR-ONC, and 
pBAR-EDN. 
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AB An expression cassette using a single promoter to drive expression of a 
gag-derived sequence from a complex retrovirus including a rev 
gene, an RRE element and donor and acceptor 

elements is described for use in the manuf. of retroviral particles 
presenting antigens for use in vaccines. The construct is 
arranged to ensure that the promoter is capable of driving expression of 
both the gag-derived sequence and the rev-like element. The 
construct does not contain a functional env gene. The 
construction of a series of such cassettes for the synthesis of tat 
protein is demonstrated. COS-7 cells co-transf ected with one of these 
constructs and a CAT gene under control of a tat-responsive promoter 
showed high levels of expression of the CAT gene. 
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AB Human retroviruses, human T cell leukemia viruses (HTLV) and human 
immunodeficiency viruses (HIV) , express two classes of mRNAs; fully 
spliced mRNA in the early phase and intron-containing mRNA in a later 
phase. The expressions of HTLV-1 rex and HIV rev by early mRNAs 
are essential for the later phase of expression of intron-containing gag 
and env mRNAs. Each two cis-acting sequences seem to be involved in these 
regulations: HTLV-1 rex depends on a splice donor (SD) 
and a responsible element (RXE) at the 3* end, whereas HIV rev 
depends on a specific repressive sequence (CRS) and a responsible element 
(RRE) in the intron, but does not require an SD. For analyses of 
these cis-acting sequences, we inserted an HIV element rre into 
an HTLV-1 construct and tested the responses to HTLV-1 rex and 
HIV rev regulations. The results indicated that both rex and 
rev could regulate RNA expression of these chimeric constructs 
responding to an HIV HHE. A repressive element (CRS) was 
•dispensable, and the intronic or exonic location of RRE was not 
important. These observations suggest that rex and rev could be 
'functionally equivalent to induce cytoplasmic expression of unspliced RNA 
which expression is suppressed either by an SD or CRS depending on the 
construction. 
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Inhibition of HIV-1 replication by combined expression of 
gag dominant negative mutant and a human ribonuclease in a 
tightly controlled HIV-1 inducible vector. 

Cara A; Rybak S M; Newton D L; Crowley R; Rottschafer S E; 
Reitz M S Jr; Gusella G L 

Basic Research Laboratory, NCI, NIH, Bethesda, MD, USA. 
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An HIV-l-based expression vector has been constructed that produces 
protective genes tightly regulated by HIV-1 Tat and Rev 

^proteins. The vector contains either a single protective gene (HIV-1 gag 
dominant negative mutant (delta-gag) ) or a combination of two different 
protective genes (delta-gag and eosinophil-derived neurotoxin (EDN 
), a human ribonuclease) which are expressed from a dicistronic mRNA. 
After stable transfection of CEM T cells and following challenge with 
HIV-1, viral production was completely inhibited in cells transduced with 
the vector producing both delta-gag and EDN and delayed in cells 
producing delta-gag alone. In addition, cotransf ection of HeLa-Tat cells 
with an infectious HIV-1 molecular clone and either protective vector 
demonstrated that the HIV-1 packaging signals present in the constructs 
were functional and allowed the efficient assembly of the protective RNAs 
into HIV-1 virions, thus potentially transmitting protection to the HIV-1 
target cells. 



